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NOISE EXPOSURE DUE TO ORTHOPAEDIC SAWS IN SIMULATED TKR 
SURGERY 
Abstract 
In some orthopaedic procedures, including total knee arthroplasty (TKA), surgeons are 
exposed to noise generated by powered instruments, with a risk of developing occupational 
hearing loss.  A new saw design, the Stryker PrecisionTM system, has been developed which 
may reduce noise during TKA surgery.  The new system was tested against a standard 
Stryker System-5 sagittal saw in simulated TKA surgery using porcine cadaveric femurs, and 
noise levels from the cuts were measured.  The average noise level of the PrecisionTM system, 
LAeq=81.6dBA, was significantly lower than that of the System-5 saw, LAeq=88.9dBA 
(p=0.003).  Calculated 8-hour values for both blade systems were within Health & Safety 
guidelines.  It was concluded that the PrecisionTM system produced a lower risk of noise-
induced hearing loss than the System-5 saw.    
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Introduction 
Studies have shown that the noise produced by orthopaedic saws can exceed occupational 
health guidelines [1-7].  Audiometric tests of orthopaedic personnel have demonstrated that 
incidence of noise-induced hearing loss, attributable to the use of powered instruments, is 
approximately 50% [2,7,8].  Noise from these instruments may also be a hazard to patients 
[3].   
 
Noise is measured in decibels (dB), on a logarithmic scale.  Typical noises and their decibel 
levels are shown in Table 1.  The frequency response of the ear is not linear; to make the 
frequency values closely reflect the way a human hears, each 1/3 octave frequency band is 
weighted differently – this is the A-weighting scale.  The sound profile generated by a bone 
saw is not constant but varies over time, so the maximum value does not reflect the overall 
noise dosage.  To take this variation into account, an average value, LAeq, is used.  This is the 
steady state level that would have emitted the same A-weighted sound energy over the same 
time as the actual noise event.  According to “AS/NZS 1269.1:2005” [9], it is calculated as 
shown in Equation 1.  LAeq,8hour is the steady state noise level which would cause the same A-
weighted sound energy as that due to the actual noise over an 8-hour working day.  This is a 
good measure of a subject’s daily occupational noise exposure.  It is calculated as shown in 
Equation 2 [9]. 
 
Repeated exposure to excessive noise can cause cumulative hearing loss. High levels of noise 
can cause a ‘threshold shift’, which reduces the ear’s ability to hear high frequency sounds.  
This interferes with communication, as it makes it more difficult for the affected person to 
hear high frequency sounds in letters like F, S, T, K and C.   
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A new oscillating-tip saw blade design (Stryker, Kalamazoo, USA) has been developed 
(Figure 1).  The shaft of this blade remains stationary during use.  Oscillating motion is 
confined to the tip of the blade, which is powered by a mechanism running down the shaft 
from the saw handpiece.  It has been observed during comparative testing that the 
PrecisionTM blade, as a result of the modified cutting mechanism, produces a lower perceived 
sound pressure level that the System 5 saw (Stryker, Kalamazoo, USA), a conventional 
sagittal system.  The aim of this study was to quantify and compare the noise output of these 
two Stryker saw blade systems during simulated TKA surgery.   
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Materials and Methods  
The TKA surgery was simulated by performing surgical saw cuts on a porcine cadaveric tibia 
and femur.  The surgeon who performed the cuts was very skilled with the Stryker System 5 
(standard) saw system and less experienced with PrecisionTM system.  Testing was performed 
in a laboratory room (approximate dimensions 9 x 8 x 3m) with the bones individually 
clamped in a vice near the centre of the room.   A remote microphone attachment was fixed 
to the surgeon’s left shoulder close to his ear (see Figure 2), at a distance of approximately 
0.4m away from the saw when cuts were made.  This positioning minimised acoustic 
interference from the surgeon’s head when taking readings.  Closed-block guided cuts were 
made on 8 pairs of knees.  Each test comparison between blades was made using the same 
pair.  Only saw blade noise events were measured (no drilling or hammering noise was 
measured).  
 
A Rion NA-27 Precision Integrating Sound Level Meter (Rion CO. LTD, Japan) was used to 
obtain a time-trace of A-weighted sound levels and frequency characteristics over the cutting 
time.  A-weighting was used because it most closely represents the response of the human ear 
to sound waves.  Four readings taken each second (period of test reading = 0.25 sec).  This 
time interval meant that an Lpeak value could not be measured, as the measurement interval 
for Lpeak is required to be 20 µs.   
 
LAeq values were calculated for each individual TKA test, as well as an overall LAeq for each 
blade, which is the logarithmic average sound level over the 8 tests.   For calculation of 
LAeq,8hour, it was assumed that the bone saws are only used for 3 minutes each and 4 surgeries 
would be conducted by a single surgeon in one 8 hour period.  Values for 1 and 7 surgeries in 
a day were also calculated, representing the rough minimum and maximum number of TKA 
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surgeries that a single surgeon could perform in a day.  The overall LAeq values were used in 
these calculations for comparison with standards. 
 
Unguided midshaft femoral cuts on paired porcine cadaveric femurs were performed with 
both blade systems, and sound levels for these cuts were measured.  Noise levels were 
measured in two other conditions: a “no-cut” condition which measured saw noise without 
making a cut, and a “no-blade” condition, measuring saw noise without a blade attached. 
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Results 
Figure 3 shows a graph of the Leq values for each individual simulated TKA test.  From these 
values, it is clear that the PrecisionTM system is significantly quieter than the standard Stryker  
System 5 saw (Mann-Whitney, p = 0.003).  The overall LAeq and average cut time results 
from the 8 TKA tests are shown in Table 2.  Results for other test conditions are shown in 
Table 3.   
 
The frequency spectrum of each saw blade during the cutting process was been measured and 
is shown in Figure 4.  The bars show how much of the total sound pressure level is produced 
in each 1/3 octave frequency band. In the 400 Hz – 12.5 kHz frequency range, the System 5 
blade is significantly louder than the PrecisionTM blade (Univariate analysis of variance, p = 
0.007) 
 
To simulate the conditions a surgeon would be exposed to during a full day of operating the 
bone saws, the overall LAeq was used to determine the LAeq, 8 hour, as demonstrated in Equation 
2.  The LAeq, 8 hour using each of the different blades for 1, 4 and 7 surgeries in a day is shown 
in Table 4.  
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Discussion 
From these results it is clear that the PrecisionTM blade reduces noise exposure during TKA 
surgery.  It is important to remember, when comparing noise values, that noise is measured 
on a logarithmic scale.  A 10dB increase corresponds to ten times the sound energy and twice 
the perceived loudness.  The “National Standard for Occupational Noise 
[NOHSC:1007(2000)]” recommends that a LAeq, 8 hour  of 85 dB(A) should be maintained to 
reduce the risk of hearing damage in the workplace. As shown in Table 4, both the standard 
System 5 and the PrecisionTM blades successfully achieve this criteria with values of 75.3 and 
68.0 dB(A) respectively, in the most extreme case of 7 surgeries in one day. It should be 
noted that levels above 75 db(A) can cause hearing damage in some individuals, placing the 
standard System 5 blade at higher risk to surgeon’s hearing than the PrecisionTM blade.  A 
surgeon’s ‘day’ can consist of more than the 8 hours used in the legislation, however to 
standardise the results with the criterion, an 8 hour day has been used.   
 
In addition to the noise exposure to the bone saws, surgeons also are subjected to noise events 
such as hammering, drilling and the use of suction, which can have measured sound pressure 
levels of between 78 and 103 dB [3-5].  As these other noise events were not investigated, 
this paper does not describe a full acoustic audit, but it describes the contribution of saw 
noise to a surgeon’s noise exposure and to show how the design of the blade can affect noise 
production.  Although the saw noise itself does not exceed daily noise levels, for either 
system, in combination with other noise events the saws may still contribute to damaging 
levels of noise exposure.  The cuts in this study were completed by an experienced surgeon 
who had performed over 300 TKA procedures.  In the hands of a less experienced surgeon, it 
is likely that measured noise values would be higher.   
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Noise in a bone saw system is produced by three different mechanisms: the internal 
mechanisms powering the blade, the load placed on the saw by the moving blade, and the 
interaction between the blade and the cut material.  The greatest difference in noise between 
saw systems was observed in the ‘no blade’ tests, where the saw handsets were run without a 
blade attached.  This demonstrates a difference between the internal mechanical noise 
production of the two saw systems, which may contribute to lower noise production of the 
PrecisionTM saw.  The System 5 blade oscillates along its length.  In contrast, the shaft of the 
PrecisionTM blade remains stationary during use, with only the tip oscillating against the bone 
or cutting block.  This smaller blade excursion and reduced blade-block interaction is also 
inferred to be a contributing factor in the reduced noise of the PrecisionTM blade. 
 
Figure 4 shows that for both blades, the sound energy is concentrated between the 400 Hz 
and 12.5 kHz frequency bands. A high sound pressure level at these frequencies will have the 
greatest impact on the ability of the subject to hear speech clearly.  The sound levels of the 
PrecisionTM system are significantly lower than the System 5 blade sound levels at these 
frequencies (p = 0.007) , which suggests it is less likely to cause the ‘threshold shift’ that may 
impair a surgeon’s hearing.  
 
In any acoustic assessment, there are many factors that will influence the results of the 
testing.  In assessment of orthopaedic saw noise, there are three major factors that should be 
controlled when comparing saw noise emissions.  These are: 
1. The application of the saw during testing (whether it is tested during cutting or simply 
running the saw); 
2. The distance between the saw and the microphone; 
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3. The noise data collection protocol (i.e. the sample collection interval, weighting 
scheme, measurement time period). 
Other environmental factors in acoustic testing are the size of the room, room absorption 
coefficient, and ambient noise levels.  Unless these factors are all comparable, it is 
inappropriate to compare saw noise between different studies.  Most authors measuring saw 
noise emission either do not specify some of these factors or use different factors from those 
used in this study.  This makes it difficult to compare results between different studies, except 
to observe general trends.   
 
Many articles suggest that power tools in surgical settings can cause hearing damage to 
surgeons [1-7]. This may be reduced to a small extent by the use of helmets or exhaust hoods.  
These articles recommend the use of hearing protection during surgery, especially in the form 
of earplugs.  However, surgeons may be reluctant to wear hearing protection.  Although it 
protects them from hearing damage, the protective device may also prevent them from 
communicating effectively with others in the operating theatre.  An alternative is the use of 
earmuffs only when the surgeon is performing high noise intensity tasks such as hammering, 
drilling and sawing.  Another alternative is to design saws or cutting systems that produce a 
lower sound pressure level, thus reducing the potential for hearing damage.   
 
In conclusion, these tests show that the PrecisionTM blade produces significantly less noise 
than the System 5 blade, a conventional sagittal saw.  It has also been shown to have a lower 
LAeq, 8hour level than the System 5 saw. This reduction in sound pressure level could reduce the 
risk of hearing loss sustained from the use of bone saws during surgery. 
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Legends To Tables and Figures 
 
Equation 1:  Calculation of logarithmic average sound level, Leq.  LAeq,Ti is the sound level 
for a particular time interval, and Ti is the time interval over which the sound is measured. 
Equation 2:  Calculation of 8-hour equivalent sound level.  LAeq,T is the average sound level, 
and T is the time in hours that the noise event occurs in the 8-hour period.   
 
 
Table 1:  Common sounds and their typical noise levels in dB(A). 
Table 2:  Summary of results.  LAeq,overall is the logarithmic average of the LAeq values 
recorded over the 8 tests.  The average cut time is the average time the saw was in operation 
during the procedure.   
Table 3:  Usage statistics for saw systems.  Shows LAeq, 8 hour for a surgeon performing 
various numbers of surgeries in one day. 
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Figure 1 Schematic of cutting motions of System 5 (A) and PrecisionTM (B) blades 
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Figure 2 Position of microphone (A) on surgeon’s shoulder 
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Figure 3 Example time trace of noise levels from both saw systems in a tibial cut 
 
 15
Figure 4 Frequency spectrums of the System 5 and PrecisionTM saw blades 
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